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0 A superconducing bearing device comprising a 
permanent magnet portion (3) provided on a rotat- 
abte member (1). and a superconductor disposed as 
opposed to the magnet portion (2). The permanent 
magnet portion (3) is so mounted on the rotatable 
member (1) that the rotation of the rotatable member 
does not alter the magnetic flux distribution around 
the axis of rotation of the member. The supercon- 




ductor (2) permits penetration of the magnetic flux of 
the magnet portion thereinto, is spaced apart from 
the magnet portion (3) by a distance permitting a 
predetermined quantity of magnetic flux of the mag- 
netic portion (3) to penetrate thereinto, and is dis- 
posed at a position not permitting the rotation of the 
rotatable member (1) to alter the distribution of pen- 
etrating magnetic flux. 
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BACKGROUND OF THE INVENTION 

The present invention relates to superconduc- 
ting bearing devices having incorporated therein a 
superconductor permitting penetration of a mag- 
netic flux thereinto. 

Superconducting bearing devices heretofore 
known include, for example, the one disclosed in 
Unexamined Japanese Patent Publication SHO 63- 
243523. 

The superconducting bearing device disclosed 
includes a Type I superconductor, i.e.. a supercon- 
ductor preventing the penetration of magnetic flux 
perfectly to utilize the perfect diamagnetism of the 
superconductor. The device comprises a rotary 
shaft made of the superconductor and having Its 
opposite ends fitted in a pair of recesses each of 
which is formed in a support member of magnetic 
material magnetized to one of the polarities, the 
rotary shaft being supported in a non-contacting 
position axially thereof. 

With the known superconducting bearing de- 
vice, the rotaty shaft is supported in a non-contact- 
ing position utilizing perfect diamagnetism as stat- 
ed above and is therefore instable with respect to a 
direction orthogonal to the direction of repulsion, so 
that the support member for supporting each end 
of the rotary shaft must be machined to a shape 
surrounding the shaft end. Furthermore,between 
the shaft end and the support member, the portion 
opposed to the shaft end axially and radially of the 
shaft needs to be magnetized. Accordingly, the 
device is cumbersome to design and make. 

SUMMARY OF THE INVENTION 

The main object of the present invention is to 
provide a superconducting bearing device adapted 
to support a rotatable member by a simple con- 
struction. 

The present invention provides a superconduc- 
ting bearing device which comprises, in a tempera- 
ture environment for realizing a Type II supercon- 
ducting state, a permanent magnet portion pro- 
vided on a rotatable member, and a Type II super- 
conductor disposed as opposed to the permanent 
magnet portion, the permanent magnet portion be- 
ing so mounted on the rotatable member that the 
rotation of the rotatable member does not alter the 
magnetic flux distribution around the axis of rota- 
tion of the rotatable member, the Type II supercon- 
ductor permitting penetration of the magnetic flux 
of the permanent magnet portion thereinto and 
being spaced apart from the permanent magnet 
portion by a distance permitting a predetermined 
quantity of magnetic flux thereof to penetrate 
thereinto, the superconductor being disposed at a 
position not permitting the rotation of the rotatable 



member to alter the distribution of penetrating 
magnetic flux. 

According to an embodiment, the permanent 
magnet portion is in the form of a disk and moun- 
5 ted on the rotatable member concentrically there- 
with, and the superconductor is opposed to an end 
face of the magnet portion and spaced apart there- 
from axially of the rotatable member. 

According to another embodiment, the perma- 
10 nent magnet portion is in the form of a disk and 
mounted on the rotatable member concentrically 
therewith, and the super conductor is opposed to 
the outer periphery of the magnet portion and 
spaced apart therefrom radially of the rotatable 

/5 member. 

The restraining action of the magnetic flux of 
the permanent magent portion penetrating into the 
superconductor stably holds the magnet portion 
and the superconductor opposed to each other and 

20 spaced apart by a predetermined distance. In this 
state, the rotatable member carrying the magnet 
portion can be rotated about the axis of the mem- 
ber. At this time, the external magnetic field acting 
on the superconductor offers no resistance to the 

25 rotation insofar as the magnetic flux distribution is 
uniform with respect to the axis of rotation and 
remains unchanged. Accordingly, the rotatable 
member can be supported by the superconductor 
in a non-contacting position radially and axially 

30 thereof when the magnet portion mounted on the 
rotatably member is merely position in place rela- 
tive to the superconductor without the necessity of 
machining the superconductor to a shape sur- 
rounding the end of the member to support the 

35 member. 

Thus, the device of the invention is adapted to 
rotatably support the rotatable member with good 
stability by a very simple construction. 

According to another embodiment of the inven- 

40 tion. the permanent magnet portion comprises a 
plurality of annular permanent magnets arranged at 
a spacing radially of the rotatable member and a 
nonmagnetic material interposed therebetween, 
and the ends of each permanent magnet which are 

45 opposite axially of the rotatable member are mang- 
netized to polarities opposite to each other, all the 
permanent magnets being magnetized to the same 
polarity at their ends which are positioned toward 
the same direction with respect to the axis of 

50 rotation. 

At each end of the permanent magnet portion 
thus constructed, the magnetism of one of the 
magnets repels that of another magnet of the same 
polarity, causing the magnetic flux to extend axially 

55 of the rotatable member and permitting an in- 
creased quantity of flux to penetrate into the super- 
conductor which is disposed as opposed to the end 
face of the permanent magnet portion. Conse- 



3 



EP 0 467 341 A1 



4 



quently. the superconductor traps the increased 
amount of flux to give the device an increased load 
capacity and enhanced rigidity. 

According to another embodiment of the inven- 
tion, the permanent magnet portion comprises a 
plurality of annular permanent magnets arranged at 
a spacing radially of the rotatable member and a 
nonmagnetic material interposed therebetween, 
and the side portions of each permanent magnet 
which are opposite radially of the member are 
magnetized to polarities opposite to each other, the 
opposed side portions of the adjacent magnets 
being magnetized to the same polarity. 

At the opposed side portions of the adjacent 
magnets in this arrangement, the magnetism of one 
portion repels that of the other portion having the 
same polarity, with the result that the magnetic flux 
expands both axially and radially of the rotatable 
member. This permits an Increased quantity of flux 
to penetrate into the superconductor which is op- 
posed to the end faces of the permanent magnet 
portion and to the outer periphery thereof, con- 
sequently giving an increased load capacity and 
enhanced rigidity as in the above embodiment. 

According to another embodiment of the inven- 
tion, the permanent magnet portion comprises a 
plurality of annular permanent magnets arranged at 
a spacing axially of the rotatable member and a 
nonmagnetic material interposed therebetween, 
and the ends of each permanent magnet which are 
opposite axially of the rotatable member are mag- 
netized to polarities opposite to each other, the 
opposed ends of the adjacent magnets being mag- 
netized to the same polarity. 

At the opposed ends of the adjacent magnets 
in this arrangement, the magnetism of one end 
repels that of the other end having the same polar- 
ity, with the result that the magnetic flux expands 
both axially and radially of the rotatable member. 
This permits an increased quantity of flux to pene- 
trate into the superconductor which is opposed to 
the end faces of the permanent magnet portion and 
to the outer periphery thereof, consequently giving 
a greater load capacity and higher rigidity as in the 
above embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation schematically showing 
a first embodiment of superconducting t>earing 

device of the invention; 

FIG. 2 is a side elevation schematically showing 
a second embodiment of superconducting bear- 
ing device of the invention; 
FIG. 3 is a view in vertical section schematically 
showing a third embodiment of superconducting 
bearing device of the invention; 
FIG. 4 is a view in vertical section schematically 



showing a fourth embodiment of superconduc- 
ting bearing device of the invention: 
FIG. 5 is a view in vertical section schematically 
showing a fifth embodiment of superconducting 

5 bearing device of the invention; 

FIG. 6 is a view in vertical section schematically 
showing a sixth embodiment of superconducting 
l>earing device of the invention; 
FIG. 7 is a view in vertical section schematically 

10 showing a seventh embodiment of superconduc- 
ting bearing device of the invention; and 
FIG. 8 is a view in vertical section schematically 
showing an eighth embodiment of superconduc- 
ting bearing device of the invention. 

75 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Several embodiments of the present invention 
20 will be described below with reference to the draw- 
ings. Throughout the drawings, like parts are des- 
ignated by like reference numerals. 

FIG. 1 schematically shows the main arrange- 
ment providing a first embodiment. 
25 This embodiment, i.e.. a superconducting bear- 
ing device, comprises a solid cylindrical rotatable 
member 1 . and a superconductor 2 in the form of a 
flat plate. 

The rotatable member 1 in its entirety is a 

30 permanent magnet portion in the form of a single 
permanent magnet. The rotatable member 1 has 
one end magnetized to an N pole, and the other 
end magnetized to an S pole. 

The superconductor 2 comprises a base plate 

35 which is prepared from a high-temperature super- 
conducting material of the yttrium type of great 
pinning force, for example. YBa2Cu3 0K. and which 
contains normally conductive particles (Y2BatCui) 
as uniformly mixed with the superconducting ma- 

40 terial. The superconductor 2 has properties to trap 
the magnetic flux released from the rotatable mem- 
ber 1 and penetrating thereinto. 

The rotatable member 1 is disposed with Its 
axis positioned horizontally and Is rotatable about 

45 the axis without permitting alteration of the mag- 
netic flux distribution around the axis despite the 
rotation. 

The superconductor 2 is opposed to the rotat- 
able member 1 and disposed at a position spaced 

50 apart from the member 1 by a distance permitting 
a predetermined quantity of magnetic flux of the 
member 1 to penetrate into the superconductor, 
the superconductor 2 further being so positioned 
that the rotation of the member 1 will not alter the 

55 distribution of penetrating magnetic flux. With the 
present embodiment, the superconductor 2 has Its 
upper surface opposed to the outer peripheral sur- 
face of the rotatable member t and is positioned 
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horizontally below the rotatable member 1 in par- 
allel thereto. 

When the bearing device is to be operated, the 
superconductor 2 is cooled by suitable cooling 
means and maintained in a superconducting state. 

If the rotatable member 1 is merely disposed 
horizontally above the superconductor 2 as posi- 
tioned horizontally In a superconducting state, only 
a small quantity of magnetic flux of the member l 
penetrates into the superconductor 2. so that the 
member 1 is merely levitated by a repulsive force 
due to the f^eissner effect of the superconductor 2 
and is not supported stably. 

However, when the rotatable member 1 is dis- 
posed above the superconductor 2 in the vicinity 
thereof first and the superconductor 2 is thereafter 
cooled to the superconducting state, a large quan- 
tity of magnetic flux released from the rotatable 
member 1 penetrates into the superconductor 2 
and is trapped in this state. Since the superconduc- 
tor 2 contains pinning centers (e.g., normally con- 
ductive particles) as uniformly mixed with the 
superconducting material, the magnetic flux pene- 
trating into the superconductor 2 becomes dis- 
trubuled also uniformly and is held trapped. Con- 
sequently, the rotatable member 1 is held levitated 
above the superconductor 2 and supported axially 
and radially with high stability. 

When the rotatable member 1 as thus sup- 
ported in a non-contacting position is rotated about 
its axis, the magnetic flux penetrating into the 
superconductor 2 offers no resistance to the rota- 
tion because the magnetic flux distribution around 
the axis remains unchanged despite the rotation. 
Further because the rotation involves no frictional 
resistance unlike sliding or rolling bearings, the 
rotatable member 1 is to rotate permanently, 
whereas the member is influenced by air resis- 
tance and geomagnetism in actuality and therefore 
comes to a halt eventually. Nevertheless, such 
resistance to rotation is very small for the bearing 
device and almost negligible. 

If the rotatable member 1 as supported in the 
above non-contacting position is pushed in one 
direction with a force smaller than the pinning 
force, the member 1 shifts in this direction once, 
then shifts toward the original position, thus under- 
going a swinging motion for some time, and there- 
after comes to a stop at the original position. How- 
ever, if the rotatable member 1 is pushed toward 
one direction with a force greater than the pinning 
force, the member 1 stops upon moving to a posi- 
tion to which it is forcibly shifted from the original 
position. Thus, the member 1 is restrained in the 
shifted position. This phenomenon occurs owing to 
the pinning force peculiar to the superconductor 2 
of the foregoing structure. 

If the magnetic flux of the rotatable member 1 



is held pinned to the supercontactor 2 as described 
above, the rotatable member t will always be sup- 
ported with good stability by a restraining action. 
FIG. 2 schematically shows the main portion of 
5 another superconducting bearing device as a sec- 
ond embodiment. 

This embodiment is the same as the first em- 
bodiment with resF)ect to the structure and arrange- 
ment of the superconductor 2. The rotatable mem- 
w ber 1. although the same as the one included in 
the first embodiment, is disposed above the super- 
conductor 2 with its axis of rotation positioned 
vertically. The upper surface of the superconductor 
2 is opposed to the lower end face of the rotary 
15 member 1. With the exception of this feature, the 
second embodiment is the same as the first. 

With the second embodiment, the rotatable 
member 1 is also supported as levitated above the 
superconductor 2 as in the case of the first em- 
20 bodiment. 

In the foregoing two embodiments, the arrange- 
ment of the rotatable member 1 and the supercon- 
ductor 2 may be inverted. In other words, the 
rotatable member 1 may be disposed below the 
25 lower surface of the superconductor 2 in proximity 
to the superconductor 2. The rotatable member 1 
is then supported as levitated as if being sus- 
pended from the superconductor 2. Alternatively, if 
the rotatable member 1 is opposed, as positioned 
30 obliquely, to the superconductor 2. the member 1 
is held levitated in the oblique position. 

FIG. 3 schematically shows the main portion of 
another superconducting bearing device, i.e., a 
third embodiment. 
35 This bearing device comprises a rotatable 

member 1 in the form of a vertical shaft, and a 
superconductor 2. A permanent magnet portion 3 
in the form of a horizontal disk is mounted on the 
rotatable member 1 concentrically therewith, and 
40 the superconductor 2 is opposed to the lower end 
face of the magnet portion 3 and spaced apart 
therefrom axially of the rotatable member 1. The 
superconductor 2 is in the form of a disk having a 
bore, and the rotatable member 1 extends through 
45 the bore with a clearance formed in the bore ar- 
ound the member 1 . 

The permanent magnet portion 3 is in the form 
of an integral assembly and comprises a plurality 
of annular permanent magnets 4a. 4b, 4c arranged 
50 at a spacing radially of the member 1, and a 
nonmagnetic material 5 interposed therebetween. 
The portion 3 is secured to the rotatable member 
1. The upper and lower ends of each of the mag- 
nets 4a. 4b. 4c are magnetized to polarities op- 
55 posite to each other, and all the magnets 4a, 4b, 4c 
are magnetized to the same polarity at their same 
ends. For example, the upper ends of all the mag- 
nets 4a. 4b, 4c are magnetized as N poles, and the 
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lower ends thereof as S poles. The magnetic flux 
distribution around the axis of rotation is free of 
changes despite the rotation of the member 1 . 

The superconductor 2 has the same properties 
as the one included in the first embodiment and is 
disposed at a position spaced apart from the mag- 
net portion 3 by a distance permitting a predeter- 
mined quantity of magnetic flux of the portion 3 to 
penetrate thereinto and which will not permit the 
rotation of the member 1 to alter the distribution of 
penetrating magnetic flux. 

A cooling case 22 which is cooled by a refrig- 
erator 20 or the like via a temperature control unit 
21 is fixedly provided within a housing (not shown) 
for the bearing device. The superconductor 2 is 
fixed to the cooling case 22. 

When the superconducting bearing device is 
operated, the superconductor 2 is cooled with a 
suitable refrigerant circulated through the cooling 
case 22 and maintained in a superconducting state. 
As in the case of the first embodiment, the restrain- 
ing action of the magnetic flux penetrating into the 
superconductor 2 from the permanent magnet por- 
tion 3 and trapped in the superconduct 2 holds the 
rotatable member 1 and the superconductor 2 op- 
posed to each other with a predetermined spacing 
provided therebetween and supports the member 1 
as levitated above the superconductor 2. 

At each end of the permanent magnet portion 
3, the magnetism of one of the permanent magnets 
4a, 4b. 4c repels that of another magnet of the 
same polarity, with the result that the magnetic flux 
extends to a greater extent axially of the rotatable 
member 1 than in the case where the permanent 
magnet portion has a single permanent magnet. 
Consequently, an increased quantity of flux pene- 
trates into the superconductor 2 which is disposed 
as opposed to the lower end face of the magnet 
portion 3 for the superconductor 2 to trap the 
increased quantity of flux. This gives the device a 
greater load capacity and higher rigidity. 

tn addition to the superconductor 2, second 
superconductors 6 may be provided as indicated in 
broken lines in FIG. 3. These second superconduc- 
tors 6 are arranged radially outwardly of the periph- 
ery of the permanent magnet portion 3 at a dis- 
tance from and as opposed to the periphery. These 
superconductors 6 also support the rotatable mem- 
ber 1 , consequently giving further enhanced rigidity 
to the entire bearing device. These superconduc- 
tors 6 may form a completely annular block or may 
be segments of an annular block. 

FIG. 4 schematically shows the main portion of 
another superconducting bearing device, i.e. a 
fourth embodiment. 

In this embodiment, superconductors 2, 6. 7 
are provided as opposed respectively to the lower 
end face, outer peripheral surface and upper end 



face of a permanent magnet portion 3 on a rotat- 
able member 1 . 

FIG. 5 schematically shows the main portion of 
another superconducting bearing device, i.e.. a fifth 
5 embodiment. 

This embodiment has a permanent magnet 
portion 8 which also comprises a plurality of an- 
nular permanent magnets 9a, 9b arranged at a 
spacing radially of the rotatable member 1 and a 
w nonmagnetic material 10 interposed therebetween. 
The side portions of each permanent magnet 9a or 
9b which are opposite radially of the rotatable 
member 1 are magnetized to polarities opposite to 
each other, and the opposed side portions of the 
IS adjacent magnets 9a, 9b are magnetized to the 
same polarity. For example, the inner side portion 
of the inner magnet 9a has N pole, the outer side 
portion thereof S pole, the inner side portion of the 
outer magnet 9b S pole, and the outer side portion 
20 thereof N pole. Three or more permanent magnets, 
when used, are also magnetized similarly. 

At the opposed side portions of the adjacent 
magnets 9a, 9b in this embodiment, the magnetism 
of one side portion repels that of the other side 
25 portion having the same polarity, with the result 
that the magnetic flux expands both axially and 
radially of the rotatable member. This permits an 
increased quantity of flux to penetrate into the 
superconductor 2 which is opposed to the lower 
30 end face of the permanent magnet portion 8. 

In this case, additional superconductors may 
also be provided as opposed to the outer periph- 
eral surface and the upper end face of the magnet 
portion 8. 

35 FIG. 6 schematically shows the main portion of 

another superconducting bearing device, i.e.. a 
sixth embodiment. 

This embodiment has a permanent magnet 
portion 1 1 in the form of an integral assembly and 

40 comprising a plurality of annular permanent mag- 
nets 12a, 12b arranged at a spacing axially of the 
rotatable member 1 and a nonmagnetic material 1 3 
interposed therebetween. The side portions of each 
magnet 12a or 12b which are opposite axially of 

45 the rotatable member are magnetized to polarities 
opposite to each other, and the opposed ends of 
the adjacent magnets 12a, 12b are magnetized to 
the same polarity. For example, the upper end of 
the upper magnet 12a is magnetized as N pole, the 

50 lower end thereof as S pole, the upper end of the 
lower magnet 12b as S pole, and the lower end 
thereof as N pole. The same is true of the case 
wherein three or more permanent magnets are 
used. 

55 At the opposed ends of the adjacnet magnets 

12a, 12b of the sixth embodiment, the magnetism 
of one end repels that of the other end having the 
same polarity, with the result that the magnetic flux 
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expands both axially and radially of the rotatable 
menr^ber. This permits an increased quantity o( flux 
to penetrate into the superconductor 2 which is 
opposed to the lower end face of the magnet 
portion 11. 5 

In this case, additional superconductors may 
also be provided as opposed to the outer periph- 
eral surface and the upper end face of the perma- 
nent magnet portion 1 1 . 

FIG. 7 schematically shows the main portion of lo 
another superconducting bearing device, i.e., a 
seventh embodiment. 

In this embodiment, the superconductor 2 of 
the fifth embodiment is replaced by a supercon- 
ductor 6 opposed to the outer peripheral surface of is 
the permanent magnet portion 8. 

As already stated with reference to the fifth 
embodiment, the magnetic flux expands both ax- 
ially and radially of the rotatable member also in 
this case, with the result that an increased quantity 20 
of flux penetrates into the superconductor 6 which 
is disposed as opposed to the outer peripheral 
surface of the magnet portion 8. 

FIG. 8 schematically shows the main portion of 
another superconducting bearing device, i.e., an 25 
eighth embodiment. 

In this embodiment, the superconductor 2 of 
the sixth embodiment is replaced by a supercon- 
ductor 6 opposed to the outer peripheral surface of 
the permanent magnet portion 11. 30 

As already described with reference to the 
sixth embodiment, the magnetic flux expands both 
axially and radially of the rotatable member also in 
this case, with the result that in increased quantity 
of flux penetrates into the superconductor 6 which 35 
is disposed as opposed to the outer peripheral 
surface of the magnet portion 1 1 . 

Claims 

40 

1. A superconducting bearing device comprising, 
in a temperature environment for realizing a 
Type II superconducting state, a permanent 
magnet portion provided on a rotatable mem- 
ber, and a Type II superconductor disposed as 45 
opposed to the permanent magnet portion, the 
permanent magnet portion being so mounted 
on the rotatable member that the rotation of 
the rotatable member does not alter the mag- 
netic flux distribution around the axis of rota- 50 
tion of the rotatable member, the Type II 
superconductor permitting penetration of the 
magnetic flux of the permanent magnet portion 
thereinto and being spaced apart from the per- 
manent magnet portion by a distance permit- 55 
ting a predetermined quantity of magnetic flux 
of the portion to penetrate thereinto, the super- 
conductor being disposed at a position not 



permitting the rotation of the rotatable member 
to alter the distribution of penetrating magnetic 
flux. 

2. A device as defined in claim 1 wherein the 
permanent magnet portion is in the form of a 
disk and mounted on the rotatable member 
concentrically therewith, and the Type II super- 
conductor is opposed to an end face of the 
permanent magnet portion and spaced apart 
therefrom axially of the rotatable member. 

3. A device as defined in claim 1 wherein the 
permanent magnet portion is in the form of a 
disk and mounted on the rotatable member 
concentrically therewith, and the Type II super- 
conductor is opposed to the outer periphery of 
the permanent magnet portion and spaced 
apart therefrom radially of the rotatable mem- 
ber. 

4. A device as defined in claim 2 or 3 wherein the 
permanent magnet portion comprises a plural- 
ity of annular permanent magnets arranged at 
a spacing radially of the rotatable member and 
a nonmagnetic material interposed there- 
between, and the ends of each permanent 
magnet which are opposite axially of the rotat- 
able member are magnetized to polarities op- 
posite to each other, all the permanent mag- 
nets being magnetized to the same polarity at 
their ends which are positioned toward the 
same direction with respect to the axis of rota- 
tion. 

5. A device as defined in claim 2 or 3 wherein the 
permanent magnet portion comprises a plural- 
ity of annular permanent magnets arranged at 
a spacing radially of the rotatable member and 
a nonmagnetic material interposed there- 
between, and the side portions of each perma- 
nent magnet which are opposite radially of the 
rotatable member are magnetized to polarities 
opposite to each other, the opposed side por- 
tions of the adjacent permanent magnets being 
magnetized to the same polarity. 

6. A device as defined in claim 2 or 3 wherein the 
permanent magnet portion comprises a plural- 
ity of annular permanent magnets arranged at 
a spacing axially of the rotatable member and 
a nonmagnetic material interposed there- 
between, and the ends of each permanent 
magnet which are opposite axially of the rotat- 
able member are magnetized to polarities op- 
posite to each other, the opposed ends of the 
adjacent permanent magnets being magne- 
tized to the same polarity. 
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